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Prostaglandins also inﬂuence the hair
cycle, with prostaglandin F2a (PGF2α)
triggering eyelash growth, whereas
prostaglandin D2 decreases hair growth
and is also signiﬁcantly elevated in bald
scalp of AGA (Garza et al., 2012). In
several contexts an enzyme that
synthesizes PGD2 (Ptgds) has been
shown to be induced by testosterone.
As different prostaglandins have
opposing biological effects, PGD2 may
mediate testosterone inhibition of Wnt
signaling in AGA. Future studies are
needed to test this hypothesis.
Androgens inﬂuence many physiolo-
gical processes including the develop-
ment of the immune, nervous, skeletal,
and muscle systems (Chang et al., 2013).
In addition to all the traditional effects on
the skin (i.e., development of acne and
AGA), androgens also have a key role in
wound healing. In mouse models in
which AR signaling is inhibited by
castration, 5α-reductase inhibition, or
AR-null mice, wound healing was accel-
erated (Ashcroft and Mills, 2002). The
ﬁndings by Kretzchumar et al., (2015)
may provide the explanation for this
accelerated wound healing in the
absence of AR, in that β-catenin/Wnt
signaling is critical for wound repair
(Bielefeld et al., 2013). It is interesting
to speculate that AR roles in other
physiological processes may be tied to
its role as a β-catenin/Wnt inhibitor.
All in all, using a combination of
in vitro and in vivomodels, Kretzchumar
et al. (2015), provided us with
mechanistic insight into the roles of
androgens and β-catenin/Wnt signaling
in mouse hair follicles. With follow-up
and conﬁrmatory studies in humans, we
may be one step closer to understanding
the full pathology associated with
androgen-mediated skin diseases.
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Clinical Implications
● Testosterone antagonizes the Wnt pathway, which is important for hair
function.
● Inhibition of testosterone can enhance Wnt pathway activity.
● While not universally applicable, these results suggest possible mechan-
isms of androgenetic alopecia pathogenesis.
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Filamin A Mediates Wound Closure
by Promoting Elastic Deformation and
Maintenance of Tension in the
Collagen Matrix
Geoffrey C. Gurtner1 and Victor W. Wong1
Fibroblasts have a central role in wound healing via matrix production,
remodeling, and contraction. Their role as mechanoresponsive cells during
tissue repair is evident, but the molecular mechanisms of this process remain
uncertain. Filamin A, an intracellular protein that stabilizes the actin cytoskeleton
regulates ﬁbroblast-matrix interactions. Fibroblast defects in cytoskeletal
dynamics may underlie key aspects of chronic wound pathophysiology.
Journal of Investigative Dermatology (2015) 135, 2569–2571. doi:10.1038/jid.2015.327
Chronic wound burden
Impairments in the cutaneous response
to injury can result in chronic wounds, a
growing global health burden exacer-
bated by the rise of diabetic, obese, and
elderly populations. In the United States
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alone, over 6 million patients suffer from
non-healing wounds, and an estimated
$25 billion is spent each year on their
treatment (Sen et al., 2009). This large
amount of money highlights the
importance of understanding the
biologic mechanisms of skin repair and
to develop effective treatments that
reverse dysfunctional healing. Although
traditional paradigms of wound healing
have focused on cell and cytokine
pathways, more recent studies have
shed light on the importance of the
mechanical environment during skin
repair (Wong et al., 2011).
Mechanical signaling in wound healing
Human wounds heal through a combi-
nation of granulation tissue formation
(via production of extracellular matrix
and neovascularization) and wound
contraction (via ﬁbroblast-mediated
contraction). The relevance of the latter
is supported by the growing clinical
experience with negative pressure
wound therapy. This modality employs
negative pressure to apply centripetal
mechanical forces to simulate/stimulate
wound contraction, and it has revolu-
tionized chronic wound care over the
past two decades (Huang et al., 2014).
Other mechanical-based modalities that
have demonstrated the ability to impact
wound healing include compression
garments to minimize post-burn hyper-
trophic scarring and tension-ofﬂoading
dressings to reduce incisional scar for-
mation (Gurtner et al., 2011). Use of
these modalities and others indicate that
mechanical forces have a critical role in
tissue repair and that they can be
exploited to improve patient care.
Mechanical signals stimulate wound
healing via diverse mechanisms that
function at both cellular and tissue/
organ levels. Physical cues (which
include extracellular matrix stiffness,
adjacent cellular and matrix contact,
and external forces such as compres-
sion, stretch, and shear) are sensed
precisely by all cell populations, and,
more importantly, they modify biologic
programs via a process called mechan-
otransduction. Mechanical stimuli are
converted to biochemical signals via
mechanisms that include receptor-
matrix interaction, stretch-activated ion
channels, and direct deformation of the
actin cytoskeleton. In turn, these
mechanisms regulate cell processes
such as motility, adhesion, survival,
and proliferation, and they have funda-
mental role in development, homeosta-
sis, and disease.
One primary regulator of wound
mechanotransduction is the focal adhe-
sion, a macromolecular complex that
links the intracellular cytoskeleton struc-
turally with the extracellular matrix.
Defects in focal adhesion kinase (FAK),
a key non-receptor tyrosine kinase com-
ponent of focal adhesions, have been
studied in cutaneous cell populations,
including both keratinocytes and ﬁbro-
blasts. For example, deletion of
keratinocyte-speciﬁc FAK results in
delayed wound healing and pathologic
dermal proteolysis in a mouse model,
demonstrating the importance of epithe-
lial mechanosensing in wound remodel-
ing (Wong et al., 2014). In addition,
ablation of FAK in murine ﬁbroblasts
impairs the ﬁbrogenic response to
mechanical tension, highlighting the
role of ﬁbroblast mechanotransduction
in skin repair (Wong et al., 2012). Taken
together, these ﬁndings underscore the
complexity of mechanical signaling
in vivo, and they demonstrate the
potential of physical forces to affect
cutaneous wound healing.
Mechanically linking cells with the
environment
The intracellular cytoskeleton is a
dynamic structural framework that allows
cells to sense and respond to physical
cues. It is composed of interconnected
actin ﬁlaments that link cells to the
extracellular environment. This actin
cytoskeleton is stabilized by a family of
three modular proteins (ﬁlamins A, B,
and C) that bind many intracellular
components, including receptors, signal-
ing molecules, and transcription factors
(Razinia et al., 2012). Filamin A, the most
abundant and well-studied ﬁlamin, is
regulated by mechanical stimuli, and it
has been shown to protect ﬁbroblasts
against force-induced apoptosis by stabi-
lizing cell-matrix contacts (Pinto et al.,
2014). Moreover, ﬁbroblast spreading
and adhesion are dependent on ﬁlamin
A, consistent with its known role in
cytoskeletal dynamics (Kim et al., 2010).
In this issue of the Journal of Investi-
gative Dermatology, Mohammadi and
colleagues report that ﬁlamin A regu-
lates ﬁbroblast interactions with their
mechanical environment (Mohammadi
et al., 2015). When ﬁlamin A was
blocked using short hairpin RNA,
ﬁbroblasts were unable to maintain
tension in collagen matrices, and they
had reduced migration in vitro. In
addition, ﬁlamin A-deﬁcient ﬁbroblasts
were less able to re-align collagen
matrix ﬁbers in response to tension,
and they demonstrated impaired ability
to form cell extensions, a deﬁcit
reversed with pharmacologic stabiliza-
tion of the actin cytoskeleton. When
ﬁlamin A was deleted conditionally in
dermal ﬁbroblasts in a mouse model,
full thickness wounds healed signiﬁ-
cantly more slowly, ﬁndings associated
with decreased matrix deposition and
reduced numbers of myoﬁbroblasts
compared with controls.
This study highlights the importance
of ﬁlamin A in mediating how ﬁbro-
blasts sense and respond to various
physical stimuli. The authors demon-
strate a time-sensitive and substrate-
speciﬁc contractile response in ﬁbro-
blasts that is dependent on a functional
cytoskeleton. Areas for future research
include examining the role of ﬁlamin A
in normal human dermal ﬁbroblasts as
opposed to immortalized 3T3 ﬁbro-
blasts, assessing the importance of
ﬁlamins B and C, and investigating the
impact of ﬁlamin A deletion on other
ﬁbroblast pathways such as collagen
production and matrix degradation.
Although the delay in wound healing
in ﬁbroblast-speciﬁc ﬁlamin A-deﬁcient
mice was signiﬁcant, it remains
mechanistically uncertain whether this
Clinical Implications
● Filamin A has a critical role in ﬁbroblast mechanosensing during
cutaneous tissue repair, and it may represent a novel target in the
development of new therapies for chronic wounds.
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in vivo phenotype was driven by a
failure of ﬁbroblast contraction.
The investigators are to be congratu-
lated for an insightful study that ele-
gantly demonstrates the importance of
ﬁlamin A in modulating ﬁbroblast inter-
actions with the mechanical environ-
ment. Their ﬁndings are consistent with
the growing recognition that mechan-
ical forces regulate a wide spectrum of
human pathologies (Wong et al., 2011).
However, new analytic methods are
needed to study both the impact of
physical stimuli at a cellular level
in vivo and the complex integration of
myriad biomechanical pathways across
diverse tissue types. As researchers
continue to unlock the molecular
mechanisms of ﬁbroblast mechano-
transduction, novel therapies may be
developed to target and manipulate
ﬁbroblast behavior for a wide range of
cutaneous diseases.
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